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METHOD OF CONTROLLING THE SAME

(57) A method for detecting glass wall with reflective
surface for an autonomous system. The method com-
prises deploying at least one IR imaging device and at
least one IR emitter on the autonomous system, wherein
the IR imaging device comprises a field-of-view (FOV);
emitting, by an IR thermal emitter, an IR thermal signature

from the autonomous system, wherein the IR thermal

signature is located outside of the FOV; detecting pres-
ence of the IR thermal signature that reflects on the re-

flective surface; and determining a distance and angle

of the autonomous system from the reflective surface
based on the refected IR thermal signature within the
FOV. The reflective surface will be identify as the glass

wall. A sensor assembly and an autonomous system is

also provided.
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Description
Field of the Invention

[0001] The present invention relates to robots where
the detection of glass walls and doors is required for nav-
igation and collision avoidance. The invention is related
to delivery, cleaning, home, human aid, and other robots.

Background

[0002] Autonomous vehicles like vacuum cleaning ro-
bots, delivery robots, and flying drones are supposed to
navigate inside facilities or outdoors in unmanned mode
or remote-controlled mode. For this purpose, the robots
are usually equipped with a number of sensors (ultra-
sound, laser range finders, LIDARs, microwave, image
sensors, etc.) to avoid collision with different kinds of ob-
stacles.

[0003] Glass is a very common material in buildings
nowadays, but the above-mentioned sensors have sig-
nificant difficulties with the detection of glass walls and
doors: glass is transparent for lasers, LIDARs, and mi-
crowaves and in most cases, glass walls/doors couldn’t
be detected by these sensors with confidence. Mean-
while, ultrasound sensors can’t provide accuracy
enough, especially to detect glass edges.

[0004] The very common solution to mitigate the issue
is to install touch sensors, buttons, or other sensors on
arobot to detect collision with obstacles once it happens,
but this solution does not prevent collisions.

[0005] Therefore, itis desired, through the presentin-
vention to provide a system and method for detecting
see through objects, such as glass panel/wall for a au-
tonomous system.

[0006] This invention provides glass walls and doors
detection and distance measurement device for robots
and methods of controlling the same. It is also desired
that the present invention offers a highly cost effective
solution which can be implemented or added to any ex-
isting autonomous system.

Summary

[0007] The presentinvention seeks a method and sys-
tem for detecting glass wall/reflective surfaces for auton-
omous system. In one aspect of the present invention,
there is provided a method for detecting glass wall with
reflective surface for an autonomous system. The meth-
od comprises deploying at least one IR imaging device
and at least one IR emitter on the autonomous system,
wherein the IR imaging device comprises a field-of-view
(FOV); emitting, by an IR thermal emitter, an IR thermal
signature from the autonomous system, wherein the IR
thermal signature is located outside of the FOV; detecting
presence of the IR thermal signature that reflects on the
reflective surface; and determining a distance and angle
of the autonomous system from the reflective surface
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based on the refected IR thermal signature within the
FOV. The reflective surface will be identify as the glass
wall.

[0008] Inone embodiment, each IR emitter comprising
resistors arranged to emits the thermal signature.
[0009] In another embodiment, wherein the IR emitter
comprising a resistor array arranged to form the thermal
signature.

[0010] In a further embodiment, the autonomous sys-
tem determines the distance and angle based on trian-
gulation method.

[0011] In yet another emebodiment, the IR thermal
emitter emits the thermal signature within a long-wave-
length IR band.

[0012] Inanother aspect of the present invention there
is provided a sensor assembly of an autonomous system
adapted for detecting glass wall. The sensor assembly
comprises at least one infrared (IR) thermal sensor hav-
ing a Field-of-View (FOV); and at least one IR emitter
that operationally emits a thermal signature. Operation-
ally, when IR thermal signature is reflected on a reflected
surface and the reflected IR thermal signature is captured
within the FOV, the sensor assembly determines a dis-
tance and angle of the IR sensor from the reflective sur-
face and thereflective surface is identified as a glass wall.
[0013] Inone embodiment, each of the IR emitter com-
prises a resistor array, each resistor unit of the resistor
array forms a pixel of the thermal signature.

[0014] In yet another embodiment, the thermal signa-
ture is within a long-wavelength IR spectrum.

[0015] Inafurtherembodiment, the distance and angle
are determined through triangulation.

[0016] In yet a further aspect, there is provided an au-
tonomous system having the aforesaid a sensor assem-
bly.

Brief Description of the Drawings

[0017] This invention will be described by way of non-
limiting embodiments of the present invention, with ref-
erence to the accompanying drawings, in which:

FIG. 1 illustrates a method of detecting a glass wall
for autonomous system in accordance with an em-
bodiment of the present invention;

FIG. 2A exmplifies a side view showing an autono-
mous system facing a glass wall according to anem-
bodiment of the present invention;

FIG. 2B illustrates a plan view of the autonomous
system of FIG. 2A fasing the glass wall;

FIG. 3 illustrates a plan view of an autonomous sys-
tem having a sensor assembly for detecting glass
wall in accordance with an embodiment of the
present invention;
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FIGs. 4A, 4B and 4C exemplifies three thermal sig-
nature patterns according to embodiments of the
present invention;

FIG. 5 illustrates a sensor assembly of an autono-
mous system in accordance with an embodiment of
the present invention;

FIG. 6illustrates another sensor assembly for an au-
tonomous system in accordance with another em-
bodiment of the present invention; and

FIG. 7 shows a graph of reflectance value of various
types of glasses taken from researchgate.net.

Detailed Descriptions

[0018] In line with the above summary, the following
description of a number of specific and alternative em-
bodiments are provided to understand the inventive fea-
tures of the present invention. It shall be apparent to one
skilled in the art, however that this invention may be prac-
ticed without such specific details. Some of the details
may not be described at length so as not to obscure the
invention. For ease of reference, common reference nu-
merals will be used throughout the figures when referring
to the same or similar features common to the figures.
[0019] The invention is made based on reflectivity of
window glass within the infrared (IR) spectrum, in at least
between 8-15 pum (i.e. long wavelength IR), which cor-
responds to object temperatures between -80°C to
+89°C.

[0020] Accordingto Wikipedia, this is The "thermal im-
aging" region, in which sensors can obtain a completely
passive image of objects only slightly higher in temper-
ature than room temperature - for example, the human
body - based on thermal emissions only and requiring no
illumination such as the sun, moon, or infrared illumina-
tor. This region is also called the "thermal infrared". [see
"Infrared", Wikipedia.org (online), from <URL: ht-
tps://en.wikipedia.org/wiki/Infrared>].

[0021] FIG. 7 shows a graph of reflectance value of
various types of glasses. Raul J Martin-Palma, et. al. "Sil-
ver-based low-emissivity coatings for architectural win-
dows: Optical and structural properties". Research-
Gate.net [online], May, 1998, [retrieved 16 March 2023],
from <URL: https://www.researchgate.net/publication/>.
As shown, common glass has reflectance above 20% for
awavelengthin aband of around 8.5t0 11.5 um. In other
word, objects that emits wavelength of range could be
detected by very common thermal imaging devices and
cameras. Take for example, a low cost thermal sensor
used in SeekThermal CompactPRO™ is sufficient to de-
tect objects with temperatures from -40°C to +330°C,
which mostly cover the LWIR band. Said thermal can be
a 206156 thermal sensor with 36° wide FOV lens, for
example.

[0022] Any object with a temperature between about
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-20°C to +65°C can be a source of IR radiation in the
band 8.5 to 11.5 um [see sspickle "Blackbody wave-
length from temperature”, May, 2017, [retrieved: 16 Mar
2023], from URL: <https://www.vcalc.com/wiki/sspick-
le/>]. In light of the above, it is an object of the present
invention is to provide a glass wall detection system and
method therefor, in which an IR camera and an IR emitter
is mounted on an autonomous device to obtain direction-
al information about an IR thermal signature emitted by
the IR emitter and reflected on the glass wall, and then
to calculate a distance from the autonomous device to
the glass wall.

[0023] The IR camera can be any device that could
obtain a thermal image of objects. The device may (or
may not) include an image processor to search signature
of the IR emitter and send to the robot information about
the detected glass wall (direction and/or distance), or
send raw (or pre-processed) image data to the final
processing by an external device (for instance, robot’s
computer).

[0024] IR emitter could be any device whose temper-
ature differs from the surrounding’s temperature, and that
difference can be detected by the IR camera. A hot IR
source could be as simple as a resistor, which transforms
electrical power to heat.

[0025] Itis understood that the sytem of embodiments
of the present invention requires a processing unit, such
as a computer device, inbuilt or dedicated, to process
the captured data from the IR camera. Understanding
the laws of reflections, the system uses triangulation to
calculate the distance between the device and the reflec-
tive surface. That involves using the known angle of the
incidence and the distance between the imaging device
and the emitter, to calculate the distance between the
camera and the reflective surface.

[0026] FIG. 1 illustrates a method of detecting a glass
wall for autonomous system, such as robot, in accord-
ance with an embodiment of the present invention. The
method comprising deploying ainfra-red (IR) imaging de-
vice and a IR emitter on a autonomous system at step
110; emitting an IR thermal signature from the autono-
mous system, through the IR emitter at step 120; detect-
ing the IR thermal signature that reflected on a reflective
surface that enters a Field-of-View (FOV) of the IR im-
aging device at step 130; determining a distance and an
angle of the autonomous system to the reflective surface
based on the IR thermal signature at step 140.

[0027] In step 110, the autonomous system is de-
ployed with one or more IR imaging device to scan an
area of interest to determine if any glass panel/wall pres-
ences within the FOV of the imaging device. In step 120,
there may be provided one or more devices that emits
one or more IR thermal signature from the autonomous
system. Itis desired that the IR thermal signature can be
uniquely identify as (from) the authonomous system. The
IR thermal signature is reflectable by any reflective sur-
face, such as glass wall. The advantage of unitilising ther-
mal signature in IR spectrum is that it will be reflected
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even the glass is transparent glass, hence, the method
disclose herein is capable of detecting transparent glass
panel/wall for autonomous systems/devices. When the
IR thermal signature is reflected on any glass panel/wall
and the reflected (on the glass panel/wall) IR thermal
signature falls within the FOV of the IR imaging device
at step 130, the autonomous system would recognise
that a glass panel/wall is within the FOV of the IR imaging
device. It follows that, in step 140, the distance and the
angle/direction from the IR imaging device and the glass
panel/wall can be calculated accordingly.

[0028] FIG. 2A examplifies a side view showing an au-
tonomous system 200 facing a glass wall 210 according
to an embodiment of the present invention. In FIG. 2, it
shows a side view of the autonomous system 200 dis-
posed with its front side facing a glass wall 210, whereby
a distance between the front side of the autonomous sys-
tem 200 (i.e. the IR sensor S) and the glass wall 210 can
be determined. In this embodiment, a IR sensor S is
mounted below an LWIR emitter E forming a vertical axis
on the front side of the autonomous system 200 whereby
the front face (ES) of the autonomous system 200 and it
is parallel to the glass wall 210. The IR sensor S has a
Field-of-View (FOV)that detects/captures IR thermal sig-
natures. It is to be noted that position and orientations of
the IR emitter E relative to the IR sensor S is configured
in a manner that operationally, the IR thermal signature
emitted by the IR emitter E is not directly detectable by
the IR sensor S, i.e. fall out of the FOV. L represent the
distance between the LWIR sensor S and the LWIR emit-
ter E, and R represent a center point between S and E
on the vertical axis. On the vertical glass wall 210, E'R’
and S’ that corresponds to the E, R and S are marked
as reference point for illusrations. The thermal signature
emits from the IR emitter E and reflected on the the glass
wall 210 at R’ to reach the IR sensor S. L and o are
known. Therefore, the distance between the autonomous
system 200 and the wall can be determined as follows:

where 4SS’R’ is 90°

[0029] It is apparent to a skilled person that angle o
can be obtained easily through the specification of the
IR sensor S (i.e.image array resolution and FOV), hence,
further details is obmitted herein.

[0030] Based on the illustrations in FIG. 2A and later
in FIG. 2B below, the IR sensor S shall be a 2-dimensional
(2D) thermal image sensor to determine angles o and B,
whereby the angle B is required for direction to the wall,
and the angle o for calculating the distance to the wall.

[0031] In this embodiment, the IR sensor S is an array
sensor whereby the system may further detect a position
(x, y) of the thermal signature (image) on the array sen-
sor. Undedrstanding that the thermal signature may oc-
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cupied multiples pixes on the IR sensor S, the position
(x,y) may just be a reference position of the thermal sig-
nature, or a position of one signale pixel of the thermal
signature. Accordingly, an angle f, and an angle ., can
be determined accordingly for each x-coordinate and y-
coordinate (of the array sensor) respectively.

[0032] FIG. 2B further shows a plan view of FIG. 2A.
In this plan view, the points E, R and S are shown on the
same point. As shown by the reference dotted line ER’,
the only direction where the signal from the IR emitter E
can be detected by the IR sensor S is when line ER’ is
orthogonal to the glass wall 210, i.e. ER’ is the shortest
distance from the device to the glass wall 210, and the
direction is determined as angle B. Similarly, it is also
apparent to a skilled person that the angle 3 can also be
obtained based on the spefication of the sensor.

[0033] In other embodiments of the present invention,
the autonomous system 100 may includes more thanone
IR emitters E. In further embodiment, the multiple IR emit-
ters E may emit different thermal signal signatures, which
may assist to obtain more information or features of the
glass wall, such as edges of the glass wall. With multiple
IR emitters E, the IR sensor S may received multiple re-
sponses when the thermal signatures are reflected on
the glass wall. Depending on the location/position of the
IR emitters E relative to the IR sensor S on the autono-
mous system present/absent of the themal signatures
that can be detected by the IR sensor from the glass wall
can be used as references to determine features and
profiles of the glass wall.

[0034] FIG. 3illustrates a plan view of an autonomous
system 300 having a sensor assembly for detecting glass
wall 310 in accordance with an embodiment of the
present invention. In the present illustration, the glass
wall 310 is slanted relative to the direction where the au-
tonomous system 300 is facing. In this embodiment, the
sensor assembly comprises an IR sensor S and four IR
emitters E4, E,, E5 and E,4, wherein two emitters are ar-
ranged linearlly on each side of the IR sensor S. The
glass wall 310 has an opening or window W denoted by
dotted lines, which is an void space or non-reflective sur-
face. The opening W can be a door opening. Further as
shown, the autonomous system 300 is positioned in front
of the glass wall 310. When the sensor assembly is in
operation, the IR emitters respectively emits thermal sig-
natures on the glass wall 310, and the IR sensor S scans
the glass wall 310 for the thermal signatures. As shown
in FIG. 3, themal signatures from E,, E, and E, are re-
flected (denotedas E4’, E;’and E, ' in FIG. 3) on the glass
panel 310 and detectable by the IR sensor S. E3 will not
be detected as it falls on a non-reflective surface, hence,
it shall be deemed as no glass surface on that point.
[0035] It is understood to a skilled person that auton-
omous system 300 would usually comprises several de-
tection-means to scanning for non-reflective obstacles.
In the case where the other detection-means also does
not detect any obstacles on the opening W, it can be
determined that it is a void space. More specifically, the
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present embodiment is capable of approximating the
opening W between E,” and E,’.

[0036] In this embodiment, placements of the IR sen-
sors S are linearly arranged and parallel to ground. It is
known that increasing the number of emitters E and/or
sensors S can be used to increase the accuracy of the
approximations above.

[0037] FurtherinFIG. 3, when the autonomous system
300 pans about its current location before the glass wall
310, the IR sensor S will detect the themal signals E’,
E,’, E5" and E,’ can be detected when emitted on the
reflective surface (i.e. glass wall 300), and absence when
it hits the opening W. Such continuous scanings and de-
tections can further determine the shape, including the
glass wall edges. It is to be noted that the emitters E and
the sensors S as required by the present invention are
very low cost components, and they are highly cost ef-
fective to be implemented in any autonomous system in
accordance with the embodiment of the present inven-
tion. Operationally, when the sensor assembly is panning
over an area on the autonomous system, the captured
images can be collectively used to map the area by de-
termining the present and absent of the thermal signa-
tures. Accuracy of the mapping results can be affected
by the the resolutions and/or the frame rate of the IR
sensor S.

[0038] Bycompiningthe conceptsin computationalge-
ometry and computer vision, simultaneous localization
and mapping can be realized by the autonomous system.
By analyzing the distances to objects in its field of view,
the authonomous system can build a map of its surround-
ings and use that map to navigate and avoid obstacles,
including glass wall/panel, with the aid of the embodi-
ments of the present invention.

[0039] There are other system and method known in
the art and hence these details are omitted herein for
simplicity.

[0040] Itis also to be noted that the distance between
emitters E and the sensor S can be varied according to
the design of the authonomous system 300.

[0041] In one embodiment, the emitters E may be any
thermal elements that can be controlled to emit thermal
signature. It is desire that these emitters E emits thermal
signatures that can be used as identification of the au-
thonomous system from the ambient. The thermal ele-
ments can be any controllable thermal devices or com-
ponents that can emit heat or cold in the range of -20°C
to +65°C. It can be a resistor, or a Peltier device. The
advantage of using devices that is controllable by the
system is that it can be adjusted and controlled to emit
thermal signatures that distinguishable from the ambient
temperature, hence thermal signature. The thermal sig-
nature can be identified through different temperature
degrees. In another embodiment, it can be in some form
of patterns visually identifiable by the sensor S, For ex-
ample, the emitter E may comprise an array of resistors
or Peltier devices arranged for form patterns operation-
ally. FIGs. 4A, 4B and 4C exemplifies three thermal sig-
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nature patterns, for illustrations only, not limitations.
[0042] As illustrated herein, the resistor array refers to
plurality of resistors arranged in a manner to emit a de-
sired thermal signature as required by the present inven-
tion. These resistor array or the plurliaty of resistors can
be cheap and scalable solution to fabricate the emitter
that emits the desired thermal signature. It can be packed
as one device or it can be individual resistors disposed
on the autonomous system. Each resistor unit can form
one (themal) pixel of the thermal signature, and the
number of the resistor units to be included in the resistor
array is highly customizable according to the application.
This allows the thermal signature not only be controllable
by the heat or its wavelength range, it can also be pre-
sented as patterns that unique to the autonomous sys-
tem. These resistors are small in size and low cost. For
avoidance of doubt, resistor array, individual resistor unit,
etc. are not limitations to the present invention and shall
be understood as possible means to emit themal signa-
ture for detecting glass wall for autonomous system.
[0043] FIG.5illustrates plan view of a sensorassembly
of an autonomous system 500 in accordance with an
embodiment of the present invention. The autonomous
system 500 comprises a IR sensor S and two IR emitters
E4 and E,. The configurations allows calculation to to
obtain a distance D from the autonomous system 500 to
a glass wall 510 as illustrated. The two emitters E and
the sensor S areinstalled in alinear arrangementwherein
the two emitters E are installed L distance appart on each
side from the sensor S. When the sensor assembly is in
parallel orientation with the glass wall, for example L =
L,andwhen a4 = o, the distance D from the autonomous
system 500 to the glass wall 510 can be obtained.
[0044] In another embodiment, the sensor assembly
of the autonomous system 500 may comprise two sen-
sors S and one emitter E arranged in a similar way as
the aforesaid embodiment and the distance between the
autonomous system 500 and the glass wall 510.

[0045] FIG. 6 illustrates another sensor assembly 600
in accordance with another embodiment of the present
invention. The sensor assembly 600 comprises two sen-
sor 84, S, and nine (9) emitters E. The sensor S, and S,
are arranged side by side forming a reference axis (not
shown). The emitters Ey', Eq2, Eq3, Eq* and Ey° are all
arranged alongside with S1 and S2 on the same refer-
ence axis, in the sequence of:

Eo'- S1 - Eo? - E¢® - Eo* - Sa - Eo®

[0046] The arrangements of the emitters E," are con-
figured to scan and detect the edges and profile of the
glass wall as described in the above embodiments.

[0047] The emitters E,! and E,2 are respectively dis-
posed above and below the sensor Si; the emitters E21
and E,? are respectively disposed above and blow the
S,. The emitters E4' and E42 are provided to measure
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distance and direction to Si; the emiters E,! and E,2 are
provided to measure distance and direction to S,.
[0048] According to the present invention, there is no
limitfor the number of sensor S and/or emitters E required
in a sensor assembly. It is understood to a skilled person
that the number required would depend on the applica-
tions therefor. The emitter can be of any suitable size,
shape and temperature emission required for the appli-
cations. The thermal signature may further be changes
operationally to render unique themal signature for each
emitter to enhanced its applicability.

[0049] Out of the wide spectrum of IR that can be de-
tected through any thermal imaging camera, itis desired
that long-wavelenth IR, aka far-IR is used. In other word,
the system may adopt a long-wavelength IR (LWIR) sen-
sor and a long-wavelength IR (LWIR) emitter for detect-
ing presence of glass wall in an alternative embodiment
of the present invention. Also as illustrated earlier, the
autonomous system may equip with more than one LWIR
sensor and/or more than one LWIR emitters. Multiple
sensors and/or emitters offer flexibility and accuracy to
detect glass walls.

[0050] The presentoffers asolutionfor anautonomous
system to detect glass wall by using a thermal imaging
device to detect a reflected image of thermal signature
from the autonomous system.

[0051] While specific embodiments have been de-
scribed and illustrated, it is understood that many chang-
es, modifications, variations and combinations thereof
could be made to the present invention without departing
from the scope of the invention.

Claims

1. A method for detecting glass wall with reflective sur-
face for an autonomous system, the method com-
prising:

deploying at least one IR imaging device and at
least one IR emitter on the autonomous system,
wherein the IR imaging device comprises afield-
of-view (FOV);

emitting, by an IR thermal emitter, an IR thermal
signature fromthe autonomous system, wherein
the IR thermal signature is located outside of the
FOV;

detecting presence of the IR thermal signature
that reflects on the reflective surface; and
determining a distance and angle of the auton-
omous system from the reflective surface based
on the refected IR thermal signature within the
FOVv,

whereby the reflective surface will be identify as
the glass wall.

2. ThemethodofClaim 1, wherein each IR emitter com-
prising resistors arranged to emits the thermal sig-
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10.

nature.

The method of Claim 1, wherein the IR emitter com-
prising a resistor array arranged to form the thermal
signature.

The method of Claim 1, wherein the autonomous
system determines the distance and angle based on
triangulation method.

The method of Claim 1, wherein the IR thermal emit-
ter emits the thermal signature within a long-wave-
length IR band.

A sensor assembly of an autonomous system adapt-
ed for detecting glass wall, the sensor assembly
comprising:

at least one infrared (IR) thermal sensor having
a Field-of-View (FOV);

at least one IR emitter that operationally emits
a thermal signature;

whereby operationally, when IR thermal signa-
ture is reflected on a reflected surface and the
reflected IR thermal signature is captured within
the FOV, the sensor assembly determines a dis-
tance and angle of the IR sensor from the re-
flective surface and the reflective surface isiden-
tified as a glass wall.

The sensor assembly according to Claim 6, each of
the IR emitter comprises a resistor array, each re-
sistor unit of the resistor array form a pixel of the
thermal signature.

The sensor assembly according to Claim 6, wherein
the thermal signature is within a long-wavelength IR
spectrum.

The sensor assembly according to Claim 6, wherein
the distance and angle are determined through tri-
angulation.

An autonomous system having a sensor assembly
in accordance with any one of Claims 6 - 9.
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